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- NACA RM Yo. A7106

UNCLASSIHED

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

AN EXPERIMENTAL INVESTIGATION OF NACA SUBMERGED
AIR INLETS ON A 1/5-SCALE MODEL OF A
FIGHTER AIRPLANE

By Donald E. Gault

SUMMARY

The results of an experimental investigation of an NACA submerged-
air-inlet system on a 1/5-scale model of a fighter airplane are pre-
sented. Preliminary developmental tests were conducted to select the
optirmum entrance configuration. Duct-system total-pressure losses and
pressure distributions over the lip and ramp of this air intake were
obtained. An estimate of the dynamic pressure recovery at the entrance
to the jet engine and critical Mach number of the inlet for the fighter
airplane is made. It 1s shown that the inlet location investigated is
wnsatisfactory.

INTRODUCTION

In conjunction with the general investigation being conducted by
the NACA on jet-engine air inlets the development of a submerged-type
inlet has been undertaken. The initial experimental work on this inlet
cen be considered as having consisted of two interdependent phases:

(1) basic experimental investigations which were conducted on an

isolated inlet mounted in 2 smell wind channel (reference 1), and

;(2) wind-tunnel studies of complete submerged-inlet systems on scale

models of two suitable aireraft. The results from the second phase have

been published, in part, as reference 2, but due to the exigencles of

vartime wind-tunnel operation, the remaining data, obtained from a

1/5-scale model of a fighter airplane, never progressed beyond preliminary
" form., Because of the considerable interest now existing in NACA sub-

merged air inlets, the results of the l/5-sca1e~model investigation are

presented herein,

It will be noted that the plan-form shape of the approach (ramp)
to the submerged entrance used for this investigation 1s not the shepe

CIR a0 [ I
PRI LSRR o
LAY R Poona

AR o) FEL LI
£ L D t:lw M R AL e ST
RES mx:mfﬁ?w
SE C“U’&:‘i‘%‘%“’mf‘f‘wwm SRS



i *:2A RM No. A7I06

recomﬂended 58 optirum in reference 1., The submerged-air-inlet sysiem
for the 1/5-scele model of the fighter airplane was designed prior to

the comnletion of the first phase, and the data upon which the recon-
mendations of reference 1 are dased were obtained subsequent to the wind-
tunnel investigation of this inlet application. The difference in rarm
nlen forms, which probably decreased the dynanmic vressure recovery 2 to

6 percent in the low-inlet-velocity ratio range (Vo/V, < 0.7) in no way
reduces the value of these data as a guide for future submerged-inlet

applications.

-~

These tests were requested by the Bureau of Aeronautics, Navy
Depertment, and conducted in the Ames 7- by 10-foot wind tunnel No. 2
during the month of January 1945.

SYMBOLS

The symbols used.throughout the report zre definedvas:

Cy, 1ift coefficient ( lift
0o®
AH loss in total vressure measured between the free stream and the

entrance to the jet engine, pounds ver square foot

AHp loss in total pressure measured between the duct entrance and
the entrance to the jel engine, pounds per square foot

AH, loss in total pressure measured between the free siream and the
duct entrance, pounds per square foot

M Mach number
¥Men critical Mach number : i
P | pressu.re coefficlent (_l_:_?ﬂ)
D static pressure, pounds per square foot
dynamic pressure (3pV=3), pounds per squere foot
v velocity, feet per second

HONRE
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Vo/V,  inlet-velocity ratio

o nodel eangle of attack referred to fuselege reference line
(wing has 1° incidence), degrees

p mass density, slugs per cubiec foot

where the subscripts denote conditions for

e duact entrance
o free stream
1l local conditions - .

The expression "percent dynamic pressure recovery® is used to
represent the term 100 [1 -(AH/qe)]). It was assumed to be independent
of Mach number in estimating the dynamic oressure recovery for the
fighter airnlane.

MODEL AYD APPARATUS

The 1/5-scale model of the fighter airplane used in the investi-
gation was originzlly constructed to similate a jet-boosted aircraft.
However, it was assumed for this experimental investigation that the
conventional recinrocating engine was removed and that sufficlent
pover for all flight conditions was furnlshed solely by 2 Westinghouse
24-C jet engine housed in the fuselage sbaft the pilot'!s enclosure.
Full-scale dimensions of the fighter airplane are given in table I,
while figure 1 vresents a three~view sketch of the airplane. A photo-
graph of the model mounted in the wind tunnel is shown in figure 2.
The model, constructed of laminsted mahogany on a steel frameworlz, was
not provided with a2 landing gear or emmennage. A schemalic view of the
wind-tunnel test setup is given in figure 3.

For this application, twin NACA submerged entrances, symmetrical
about 2z vertical nlane passing through the longitudinal axis of the

- model, were located along the sides of the fuselage. The lower wall of

the ramp was approximetely 13 inches (full sczle) above the wing chord
plane with the 1lip of the submerged entrance situated immediately above
the juncture of the wing leading edge with the fuselaze. ZIach inlet
had an entrance area of 0.747 square foot (full scale) which, at

550 miles per hour and an inlet-velocity ratio of 0.60, would furnish
at 20,000 feet the required 35.7 mounds per second of air to the West-
inghouse 24— jet engine. The air, after entering the twin submerged
inlets, was ducted directly aft until clear of the pilot's enclosure,

SRR
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and then turned slightly downward and inboard to Join in a common channel
having an area of 3.142 square feet (full scale) at a distance 3.00 feet
{(full scale) ahead of the jJet-engine compressor. Dimensional character-
ystics and photographs of the diffuser for the l/5-scale medel are given
in figure 4. The deflectors along the ramp walls, which were found to be
necessary for meximum ram recovery in reference 1, were molded from
modeling clay to simplify making minor modifications in their size and
gshape while the model was installed 1n the wind tunnel.

For the investigation reported herein, the alr was drawn through the
submerged-duct system by a centrifugal pump located outside the wind-
tunnel test chamber; power for the pump was furnished by a variable-
speed electric motor. Quantity flow through the ducting system was
measured by a standard orifice located in the ailr condult pipe which
connected the model to the pump. Total-pressure losses were determined
from an integrating manometer connected to a survey rake consisting of
33 total-head tubes located 6 inches (full scale) upstream of the entrance
to the jet-engine compressor. Pressures over the lip and ramp of the
submerged entrance were obtzined from flush-~type orifices located a2long
the center line of the entry and connected to multiple-tube manometers,
For several test conditions, total-head survey rakes were placed 5 inches
(full scale) downstream of the leading edge of the lip to determine the
location and magnitude of the duct-entrance pressure losses,

To determine the efficiency of the internal ducting system, sevarate
bench tests were conducted with the ducts removed from the model and
large, bell-shape entrance cones attached to each inlet. Air was drawvn
through the system by a constant-speed blower and quaentity flow varied
by a butterfly-type valve located in the blower entrance, Pressure
losses and quantity flow were measured with the same rake and orifice
previously described and in a similsar manner.

PROCEDURE

Prior to installing the model in the wind tunnel the efficiency of
the internal ducting system was determined. This information together
with entrance losses from a similar submerged inlet served as 2 guide1
in the development of the duct-entrance configuration which was thought
to be the optimum for the given installation.

Upon selection of the final submerged-inlet configuration, pressure

1The method for estimating the maximum dynamic pressure recovery which
could be expected in the wind tunnel was identical to that given on
vage 6 of reference 2.

QLR R—.
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distributions over the lip and ramp, and duct-system total-pressure
losses were measured at constant inlet-velocity ratlos throughout a range
of angles of attack for flaps retracted and flaps deflected 55°. The
effect of airplane yaw on the nressure losses was also determined at
several inlet velocities and angles of attack., All pressures were photo-
graphically recorded. The critical Mach numbers were estimated by the
Kfrman-Tsien method outlined in reference 3.

The 1ift curve and the relationship between the 1ift coefficlent
and inlet-velocity ratio for steady, level flight are given in figures 5
and 6, respectively. To estimate the pressure losses and critical Mach
number of the lip and ramp throughout the important speed range for the
fighter airplane, "matched" 1lift coefficients and angles of attack cor-
responding to the inlet-veloclty ratios used in this investigation were
determined for sea level and 20,000 feet operating conditions. With
this information, it was then possible to select the matched flight-
condition values of AH/qo and Mgr from plots of the basic wind-tumnel
data,

The inlet-velocity ratio was set in the wind tunnel by relating 1t
to the pressure drop across the standard orifice. For inlet-velocity
ratios less than 1.60, datz were obtained at 2 tunnel dynamic pressure
of 40 pounds per square foot which, based on the mean aerodynamic chord
of the model, corresnonds to a Reynolds number of apvroximately 1.4 X 10S.
Limitations of the centrifugal pump necessitated a reduction in the ve-
locity of the wind tunnel for higher inlet-velocity ratios., ZFotation
is made where the data vresented were ovtained 2t lower Reynolds numbers,

RESULTS AND DISCUSSION
Internal Ducting °

Bench tests on the internal ducting system showed a total-pressure
loss of approximately 18 percent of the duct-entrance dynamic pressure.
(See fig. 7.) Velocity distributions measured at the plane of the survey
rake (fig. 8) and a tuft study disclosed no regions of turbulent or
separated flow, and it is probable that guide vanes would not have
decreased this pressure loss appreclably.

Preliminary Studles

The initial wind-tunnel tests showed greater over-zll total-pressure
losses than had been expected for this installation. As a result, until
the causes for the discrepancy were discovered and the condition remedied,
the original test program to determine the characteristics of the inlet
through the flight range was temporarily postponed.

SONmETEm—T™




6 M ~ NACA RM No. A7IO6

When the efficiency of the internal ducting system was consgidered,
it appeared that some unknovn flow condition was causing entrance losses
for in excess of those ordinarily obtainzble with a submerged inlet.
Readings from a totel-pressure survey rake (fig. 9) installed in the duct
entrance verified the abnormal nature of the losses and revealed that the
region of low energy eir wes located in the corners of the inlets nearest
the wving. Further investigation using tufts disclosed that upwash from
the adjacent wing was effectively adding a component of flow perpendicular
to the center line of the ramp and distorting the normal streamline patiern
over the submerged entrance. This distortion was noticeable along only
the lower side (i.e., the side nearest the wing) of the ramp and resulted
in separated flow which passed downstreanm and into the inlet. The use
of extended deflectors (reference 1) reduced the entrance losses markedly
(fig. 9) with a consequent gain in the dynamic pressure recovery over
that obtained with the plain duct (fig. 10)2.

The use of deflectors for this investigation should not be considered
solely as having been a means of preventing the boundary-layer air fron
entering the inlet as explained in reference 1. Tuft studies indicated
that the lower deflectors prevented the oblique flow over the lower corner
of the entrance and, hence, eliminated the pressure losses resulting from
separation. Unfortunately, the height of the deflectors required to ac-
complish this was more than twice that which was recommended in reference 1.
A more forward inlet position, free from the influence of the wing-flow
field, would have undoubtedly permitted the use of smaller deflectors
similer to those investigated in reference 2. Not only would the boundary-
layer thickness have decreased. but the necessity for large lower deflectors
to vrevent separation would have been eliminated. The upper and lower
deflectors for this investigation were made identical for reasons of
syrmetry only, although smaller deflectors along the upper edge of the
ramo would have been equally effective, Ordinates and details of the
finsl submerged-inlet configuration are shown in figure 11.

Pressure losses

The total pressure losses at the simulated entrance to the jet engine
and pressure distributions over the 1lip and ramp were obtained upon selection
of the final inlet configuration. Table II presents the total pressure
losses as a fraction of the free-stream dynamic pressure AH/qo for cone
stant inlet-velocity ratios throughout a range of angles of atiack.

3 Mhese data were obtained with the pressure survey rakes installed in the
duct entrance and are shown for cormarative purposes only.




NACA RM No. A7I06 s 7

Figure 12 shows the variation at sea level and 20,000 feet of the
duct-system total-pressure loss with airplane 1ift coefficient for the
fighter airplane as determined from this investigation. The percent
dynenic-pressure recovery as a function of zirplane velocity is presented
in figure 13 for the same conditions. It will be seen that the maxirmum
d;memic-pressure recovery oviained was &3 percent for conditions
similating 550 miles per hour at sea level and 20,000 feet. Decreasing
the flight speed %o 350 niles per hour corresponded to only 2 6-mercent
decrease in the recovery, but thereafter it falls off more rapidly. For
the tale-off static-thrust condition when the free-strean velociiy and
dynanic pressure are zero (Vo/V, =w) approximately 33 percent of the
duct-entrance dynemic pressure was lost.

The effect of vaw on the ram recovery is presented in figure 14. No
sudden discontinuities in the recovery for increasing angles of yaw are
indicated. ‘

Again it should be noted that the plan-form shape of the rammp used
for this investigation is not the ontirmm for maximum dynamic-pressure
recovery. The recommendations given in reference 1 for the optirun ramp
shape are based on data ovtained subsequent to the wind-tunnel tests
reported herein. As nmentioned before, this difference in ramp shapes
amounts to a decrease in the ram recovery of approximately 2 to & percent,
depending on the inlet-velocity ratio.

Pressure Distridvbution

The pressure distributions over the lip and ramp are given in terms
of the vressure coefficient P 1in tablesIlI and IV, respectively.
Insvection of these data will show a considerable variation in the distri-
putions with angle of attack. Pressures over the basic fuselage contour
along the center line of the entry for several angles of attack (fig. 15)
demonsirate that this variation is due vrimarily to the location of the
inlet in the flow field of the wing. This effect on the critical Mach
number Mgp of the 1lip? is clearly seen in figure 16.

The veriation with true airspeed of the submerged-inlet critical
Mach number is given in figure 17 for the fighter airplane as determined
from these data. .

Although the decrease In lMpyp fron sea level to 20,000 feet
operating conditions is comparatively small, it is directly attributable
to the effect the chance in angle of attack incurs in the velocities

3The eritical Mach number of the rarmp is not presented since, for all
conditions investigated, it was higher than that for the lip.

Y g
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guperimposed over the duct entrance. TFor an airplane having a higher
wing loading and operating at greater altitudes, the resulting increased
angle of attack for a given flight speed would have a more pronounced
effect in reducing Mgp. The pressure-distribution date indicate that

the critical Mach number could have been increased if the entrance had
been located 20 to 30 inches (full scale) farther forward. The assumption
ig made, however, that in moving the inlet forward the ramp would not

be placed in the field of a strong pressure gradient as existed behind the
cowl leading edge for this investigation (fig. 15). The pressure peak
over the cowl, caused by zero inflow through the cowl entrance, cannot

be considered as representative for a more streamlined nose shape which
would be incorporated on a completely Jet-propelled aircraft,

' It is emphasized that selection of the final duct-entrance config-
uration was based solely on considerations of maximum dynemic-pressure
recovery and critical Mach number of the lip and ramp. No drag evaluations
or deflector critical Mach number studies were made.

Duct-flow Instability

Throughout this investigation an unstable duct flow occurred at
inlet-velocity ratios less than approximately 0.45. This instability
originated with a decrease in quantity flow through one inlet and an
increase in quantity flow for the opposite inlet with no aporecilable
change in the total quantity flow through the internal ducting system.
The divergence from equal flows through the twin entries continued until
zero inflow resulted in the one duct, at which time a commlete reversal
took place and the flows through the two entries equalized. The distur-
bance was cyclic and, once started, continued until the total quantity
flow through the system was increased sufficiently to raise the average
inlet-velocity ratio above approximately 0.45., The decrease in flow
from the stable condition always occurred in the same inlet. No pressure
losses or pressure-distribution measurements could be measured due to
the rapid fluctuations of the liquid in the manometer tubes.

It cannot be assumed, however, that the instability would occur at
these same values of inlet-velocity ratio on the fighter airplane. The
unstable regime is a function of the losses in the internal ducting
system, and differences in fabrication, even between individual production-
1line aireraft, would consequently cause small variations in the value of
the inlet-velocity ratio at which instability commenced. Mechanical
methods of eliminating this condition are discussed in reference 2.
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CORCLUSIONS

The results of a wind-tunnel investisation of an NACA submerged-
air-inlet system on 2 1/5-scale model of a fighter airplane indicate
that:

1. The location of the duct entrance was unsatisfactory due to its
position in reference to the wing.

2. A submerged inlet should not be placed on a surface where flow
oblique to the center line of the ramp will occur, "

3. A submerged inlet should not be placed on a surface where high
incremental velocities will be superimposed over the ramp and lip.

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronauties,
Moffett Fleld, Calif.
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TABLE I
© DIMENSIONS OF THUE FIGHTZR AIRPIANE

NACA RM No, ATIO6

Airplane, general A
Over-all small - « o o « o o »

Over-all length . . . e e e e e s . ..
Over-all helght (at rest) e e e e e e e e e e e
V!eight L L] L ® * L] » - Ld ) L L d . L] ® L 3 . . . - - L]

Wing
Airfoil section

. . Lo ft, 0 in.
30 £, 1/4 in,
.. 13 ft, 8 in.
. e . . 84001

ROOL o = o e o e e e e e e e e e e e e e e .. MNACA 655-117(a=l. 0)
TID @ v o o o o o o o o o o s .« .. o« . o HACA 652-115(a-0 5)

Total areza

Chord

ROOt e e o ® o o = & ® o o * 9 o ¢ e o & 8 & s

Tip ¢ o 8 o o . . « o . . - e s ¢ o e e o o

Mean aerodynznic chord o ¢« o o o o o« o o o o = &
Dihedral angle of chord plane

Cen‘berpanel...........-.‘...-.
Outer DPanels ¢« o« o o o o ¢ o o o ¢ o o o o o o o

Incidence (with respect to fuselage reference line)
Flaps

275 sq Tt

e o« o o 112 in.
c o o o 56 in.
e » » 87.55 in.

L] L d . » L) L] oo
e« o & 0 ?"1/20

R A

TYPE « o o« o « o o o o o « o o« o Douglas retractable deflecting slot

Span .

Inner e 0' e ®© e o & e & & € s 8 © » o © o+ e+ s @
outer e e o * ® ® o © o & o o e & ® ® o & ° o o

Chord. e« ® o ® o o o * o o ® @ & ¢ ® ¢ e o o o lo e e

L £t, 6-1/2 in.
L £ft, 8-1/2 in.

0.25 wing chord

Total AT€2 « o o o o o o o o o o o o o o o s o o o oo 30,25 59 £

Engine *. 5 e o e e . e e e o e e o e e o o o o o

Westinghouse 24

RABANE o o o o o o o o o o o o o o o s oo 3000 1b static thrust at
sea level (12,000 rpm)

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.
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TABLE II

DUCT-SYSTEM TOTAL-PRESSURE LOSSES FOR THE 1/5-SCALE MODEL
OF THE FIGHTER AIRPLANE EQUIPPED WITH
NACA SUBMERGED AIR INLETS

Flaps Retracted

i‘otal Pressure loss, AH/q,

al|-3.76 |-2.68 |-1.60 |~0.49 |0.61 {1.71 |2.80 [3.90 [6.07 |9.31
Ve/Vo
0.5 0.157! 0.168] 0.172| 0.193/0.209| = = | = = | == | = = | = =
0.6 JA710 L1630 L1630 L173) L178) 183 - - | - | e | = -
0.8 179 .178] .178| .188| .194] .188] .189| - = | = = | = =
1.0 - - | .215| .219| .230| .231]| .240| .236| .236| - - | - -
1.2 - = | == .2;m| .280| .292] .301| .293| .290| .285| - -
1.4 - - - - - - 377 .372| 372) 370 274 .393| 374
1.6 -~ - - - - - - | J480| .L4B6] .488| .488| .498| 4oL
2.0 Sl o ] e e ] = | - - | 7| 752 760 | J7ML| 749
2.5 mi | mm | mm Tee | a e == |1.223]2.203 11,179 1,195

Flaps Deflected 55°
o | =460 |-2.55 |-0.33 1.90 |L4.10 |6.23 |8.4 |10.65

Ve /¥, '
2.5 1.161 | 1.173 | 1.195 | 1.236|1.257 | 1.226| 1.195 | 1.161
3.0 1,663 | 1,696 | 1.79% | 1.878{1.857 | 1.917| 1.857 | 1.758
3.5 2,049 | 2.088 | 2.148 | 2.290 | 2.358 | 2.358| 2.300 | 2.279
L.o 2.660 | 2.773 | 2.870 | 2.973| 3.074 | 2.998]| 2.915 | 2.915

PP e arvill

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.
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Z1

PRESSURE DISTRIBUTICON OVER THE LIP OF THE NACA SURMERGED AIR INLET
ON THE 1/5-SCALE MODEL OF THE FIGHTER AIRPLANE

Ve/Vo = 0460

Pressure Coefficient, P

Li
Sta. Inside LeEe Outside

a 23.80 [22,30 {22,05 [21,93 {21.83 21480 [21.83 21,03 [22405 [22.30 22,80 [23.30 [24.30 |26.30 [26.30
R - —rm .
«2,68 0.534| 04489 0s692] 0.682| 0s667| 00127 =0s494 | =00433 |~0,473|=0e463| =0.382 |=0e371 |=0e521 |~0.3C0 |-0.204

'1060 .519 0483 9692 .-687 0667 '0198 -.595 -0509 '-550 -.545 -.458 -.443 *.392 ~0361 -.254

-.49 0494 0485 .682 0677 §662 -0193 -.616 -0539 -‘590 -.595 --514 -'499 '0453 --412 -0300

061 0468 c422 0687 0682 :667 '0178 -0646 '0575 -.636 -.656 -0590 -.575 00524 -.489 '0356

2080 0463 .407 .687 ~677 0667 -.188 -.733 '0667 '0753 -‘799 -0758 ’0728 =667 -.626 -0483

8.07 473 «392 « 692 +68T] o877} =.142| =e799] «e789) «e911| =0e067] o062 =,941| =eB5C| =814 | -.646

Vo/Vo = 0480

2468 02631 o182 o076] @l97] 750 o354] ~e111l| =187 w273 =o354] =oe339| ~0349] -.324| ~.319| -.228

-1060 .273 0197 0091 0223 0770 0309 -.177 -‘238 -.329 -.410 -0390 .50395 ;.375 --355 -0258

-e49 «263 | W167| «081| o187] o744| +304] «e213] «u273] «oe375]| @e466] =e850| =¢e466] =o435] =e425] «4304 g
«61 e233 ] J137) JOLC| .182] 4719] L.304 -.243_ ©e314| =425 «.632| ~.528| ~oB46] =.5E1E] =e496| =365 &
2,80 0244 | o112 -o041s o097| o672 326 «0285] «e372] =o509! =o6B2] ~o662| =+687| =.656] =+631] -.488 ?
6.07 0244 L041| =¢163| =e076] +458f ¢438] =e265] =e417]| —=o8600| ~oB81l9] =eB55| =4e886] =.840; =4794| ~+636 g
) 1s8

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TAHKE IIl.= Conocluded

§

Ve/Vo = 1,00 3

Pressure Cosfficient, P { ?

Btae Inside i‘g Outside §

a 22.80 122,50 122,05 12193 | 21,85 [21.80 |21.83 |21.93 (22,05 22,30 22480 [23430 |24.30 125,30 |26.30 o
;%-iso —o01] —.260] —.508] —.202| 254 | «712| <2141 4020} =.112 "'“f%'”’:l'ééq ZeB61| =.356] =356 =s249
; =049 1092 | =.300] =o554| =.448] 4209] J712| J178| .010|-1.53 | -.336 “o38T]| =e428| =428 -.428 -.sos%
61 D102 —B46| =.610] -o508] 142 | o728] J163] O | =e188] =,392| -458] -4B04| ~.499; -.489} ~.366
2,80 2. 107] ~u361] =e672] =o580] =494 | o738| .132] 006| -.265| -.494| ~.580 —.631| —e631| =.620 ~e468;
8,07 2.102| =o346| =eB830] =e794] =e305 | +814| o163] =108 | -4326] ~636| =.753) ~.814| ~.804 - T4 -.616%
9,31 Z.117] =.582|=1o108[-24170] =.820 i o911] .265| =e102] =.BTT| ~i774| =¢031{=1.003} =»977} =4042 -.‘768%‘
Vo /Ny =120 1
1-1.60 ce504] =o758{=1e252]=14266] «+E75 «9421 o529 +260 «092 '-.142 ca244 | =o305| =.3211 «.326 -‘.234%
§ =049 2 E19] =u763]=10293|<14208] o626 | o946] +488| o219 +046] =o203| =e321| ~4387| -.402 | =.402 -.295?
xr 61 2 530| =o774|-1e344 |=1,544] =o697 | 49361 +468| o194| 00| =e260! =e382| =¢452| =473 | ~+463 -.351%
280 —.660| 0799|1881 1<1.401] =e931 | «952{ +458] o173 —o041| -.346] =489 =e624) ~¢540| ~¢540 -.448%
8.07 Z.540| =o784]| =14700|<14761 {10400 | +992] o489] o163] =e102} =4489| =e682 | ~s778| ~o789| =4768 -.560]

9.31 -4544| -4016|-2,118-2.224-2.127 {1.000{ .575 158 =143 ~.631| =oB65| =o972| =.988| =0962 =o774] G
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PRESSURE DISTRIBUTION OVER THE

TABLE IV
RAMP OF THE HACA SUBMERGED AIR INLET OX THE

1/5-SCALE MODEL OF THE FIGHTER AIRPIANE

Ve/Vy = 0.60

Pressure Coefficient, P

S Usta. | 11.20 |12.25 |13.25 |14.25 |15.25 | 16.25 | 17.25 | 18.25 | 19.25 | 20.25 | 21.25 | 22.25
a
2.68 |-C.311]|-0.188 | -0.163 | -0.137 | =0.112| =0.092 | =0.015} 0.087 | 0.239 0.417 | 0.545| 0.575
-1.60 -311 ] =199 | =173 | =148 | =132 -.112| -.0k6 .056 .219 Loz .530 .570 |
k9 | —.205| .20k | -.178 | -.158 | -.188| -.132| -.071| -.031] 193] .377| M99 .5W
.61 2326 | -.22 | -.209 | -.188| ~.178| =.173| -.112| -.010| .18 .351| .bkp3) .51
2.80 ~.354 | ~.266 | -.251 2L0 | -.280 ) -.2b0| -.184] -.082 .102 .322 Lhs 512
6.07 -3 | =327 | =322 | =327 | =338 -.353| -.292) -.197] -.005 272 L1418 JLE9
| Ve/V, = 0.80
-2.68 -309 | -.192 | -,172°| =.147 ) -.137 =116 | -.076 .0h6 .167 31 ROy hoo
-1.50 -.309 | ~.203 | =172 | =157 | =142 -.127)| -.081 .020 .192 208 | 30| 395
S 309 | -.213 | =192 | -,167 | -.162| -.152| -,111| ~.010 116 .273 105 .380
b1 =31 | =223 | -.203 | -.192| -.187| -.387| =~.152 -.056 .081 243 .390 .370
2.80 346 | -.265 | -.254 | -.2bl | -.25L | -.260| -.219| -.122 .010 .19k .366 .366
6.07 ~ 112 | =326 | =331 | =331 | -.351 | =372 =331 -.28% | -.107 .107 321 .351

NATIONAL ADVISORY
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TABLE IV.- Concluded -
[Ve/V, = 1.00] E
g
Pressure Coefficient, P .
L
ta. 111.20 |12.25 |13.25 |14.25 [15.25 |16.25 |17.25 |18.25 |19.25 |20.25 |21.25 |22.25 '§\
a
-1.60 -.311| -.205| -.175| -.160 | ~.150 | =.150 | -.100 | -.030 .080 .190 .271 140
- .49 -.319 | -.218 | -.198 | -.187 | -.182 | -.182| ~.142 | -,071 | .06 | .162| .243| .111
61 -.326 | -.234 | <214 -,209 | -.209 | -.204| =183 | -.117 .005 .127 .224 .102
.80 | -.355 | -.268 | -.258 | -.258 | -.263 | .279| .243 | -.177 | -.086| .08 .203| .01
b 6.07 | —15 | =.329 | =334 | =.339 | =.355 | -.390 | -.349 | .29 | -.167 | .0l5| .157| .086 b
9.31 =599 | 22 | 27 | =52 | < Lol | —.5h0 | -.b99 | - lk2 | -32h | <l4h ) L0988 .067 ‘ i
Ve/V, =1.20 g
-1.60 ~314 | -,203 | -.182 | -.167 | -.152 | -.162 | -.127 | -.071 .020 .086 L0381 | -.187
- 49 ~321 | ~.224 | 204 | -.193 | -.193 | -.199 | -.173 | -.117 | -.020 .051 L0861 | -.199
.61 =327 | =237 | -.222 | -.212 | -.217 | -.232 | -.207 | -.246 | -.055 .025 .055 | =.207
2.80 354 | -,268 | -.258 | -.258 | -.268 | ~.294 | ~.,268 | -.218 | -,117 | -.030 .005 | -.233
6.07 — 817 | —.31h | <346 | =356 | =382 | -.412 | =392 | -.341 4 -.289 | -132 | -.0h1 | .23k
9.31 —.517 | =ub3k | B39 | ~470 | -.517 | -.574 | =548 | -.502 | - Lk | -27h ) =114 258 |
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NACA RM No. A7106 Fig. 1
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DIMENSIONS ARE INCHES

Hﬂ DIHEDRAL
166.13 — 3? —
'
i

/
724
| l | @) STATIC GROUND LINE— |
. | | —} 3375 I TR )
| L8607 360.25

FIGURE |.-GENERAL ARRANGEMENT OF THE FIGHTER
AIRPLANE EQUIPPED WITH NACA  SUBMERGED
AIR INLETS. '




NACA RM No. A7106 Fig. 2

T g, L s

B LT

Figure 2.— The l/5-—scale model of the fighter airplane equipped with
NACA submerged alr Inlets installed in the Ames 7— by 10—foot wind—
tunnel Ro. 2.
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NACA RM No. A7106 Fig. 5
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| j 5 : | | I
-8 -4 + 0 4 8 12
ANGLE OF ATTACK, &, DEG

FIGURE 5.-VARIATION OF THE LIFT
COEFFICIENT  WITH ANGLE OF ATTACK FOR
THE I|/5-SCALE MODEL OF THE FIGHTER

AIRPLANE. RN-=1.4l x108
) L IY
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1 1 | } ] | ] L

4 8 1.2 1.6 2.0 2.4 2.8 3.2 3.6
INLET VELOCITY RATIO, %X,

FIGURE 6.-VARIATION OF INLET=VELOCITY RATIO WITH LIFT

COEFFICIENT FOR THE FIGHTER AIRPLANE EQUIPPED WITH A
WESTINGHOUSE 24C JET ENGINE OPERATING AT MILITARY RATED
POWER. DUCT-ENTRANCE AREA=1494 SQ FT.
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O | ] | ] | ' ] ]
0 20 40 60 80 100 120

DUCT - ENTRANCE DYNAMIC PRESSURE, (29

FIGURE 7.-VARIATION OF THE INTERNAL-DUCTING LOSSES WITH DUCT-
ENTRANCE DYNAMIC PRESSURE FOR THE |/5-SCALE MODEL OF THE

FIGHTER AIRPLANE EQUIPPED WITH NACA SUBMERGED DUCT ENTRIES.
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NACA RM No. A7106

Fig. 8

DIMENSIONS ARE
N INERES 225 0 —TOTAL-HEAD

4,20

2.80

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

CONTOURS  INDICATE
Q=924 MLocaL/ Vaverace

FIGURE 8.-DETAILS OF PRESSURE SURVEY RAKE AND
VELOCITY DISTRIBUTIONS AT THE ENTRANCE TO
THE JET ENGINE FOR THE |/5-SCALE MODEL OF

FIGHTER AIRPLANE. oot
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NATIONAL ADVISORY
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0] —t (o S— —_—
0 50 100 0 50 100
DISTANCE ABOVE RAMP FLOOR, PERCENT INLET DEPTH
a) NO DEFLECTORS b) DEFLECTORS INSTALLED

FIGURE 9-COMPARISON
AND WITHOUT DEFLECTORS
AIRPLANE. RN= 1,41 x10°

OF THE SUBMERGED |

NLET ENTRANCE LOSSES

WITH

FOR THE 1/5-SCALE MODEL OF THE FIGHTER
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Fig. 10 NACA RM No. A7106
;
NOTE: THESE DATA WERE
o0 L OBTAINED WITH SURVEY
RAKES IN THE DUCT
ENTRANCE —FOR COM-
% PARATIVE PURPOSES
w ONLY.
3 80k
@)
L)
o
[T
o
S 70 +
7]
)
td
e
o
V60|
2
2 SYM. DUCT CONFIG.
a) o PLAIN DUCT (PD
50} & PD + LOWER DEFLECTORS
z = PD + UPPER AND LOWER
) DEFLECTORS
(s el
Lt
a.
40
NATIONAL ADV|SORY-
COMMITTEE FOR AERONAUTICS
30 ! ] | | |
4 .6 8 1.0 1.2 1.4

INLET VELOCITY RATIO, Yo/,

FIGURE I|0.-EFFECT OF DEFLECTORS ON THE
VARIATION OF THE DYNAMIC- PRESSURE RECOVERY
WITH INLET = VELOCITY RATIO FOR THE 1/5—
SCALE MODEL OF THE FIGHTER AIRPLANE.

a=0", RN=1.4]x10° -




LIP
STA. : STA.
218 ' 26.8
‘ UP'R |
N et E
| f BASIC >
Qio ,  FUSELAGE
LOW'R CONTOUR
STA. | UP'R |LOW'R
2180 | — [ 0100
22.05 |0.087 | .290
2230 | 147 | .330
22551 172 | .360
2280 | .189 | 375
2330 | .203 1
2380 | .106
2430 | 179 bl
24.80 152 8
2530 | 116 g}
2580 | 090 | ‘o
2630 | 035 | W
2680 | 0 i

L.E. RAD=0.00

FIGURE |1i-LIF, RAMP, AND DEFLECTOR
OF THE NACA SUBMERGED AIR INLETS [INVESTIGATED ON THE

RAMP DEFLECTORS

%j‘ o BASICL:

FUSELAGE
CONTOUR
STA. | ORD. STA. X STA. X
L1331 1.28 2330 O 20.05 | 0.94
220 | 1.38 23.05] 020 [19.80] .90
13.26 | 1.48 2280 36 [1930] .78
14.33 | 1.58 22551 51 [18.80] .66
1540 | 1.70 2230 64 [ 1830] 54
1647 | 1.8 , 2205] 7 [17.80] 49
[7.53 | 248 21.80] B2 [17.30 i
860 | 326 21.55| 88 =
19.67 | 390 | 21.301 22 o
2073 | 422 21.05| .95 <5
21.80 | 4.25 2080] 97 -
B:=4.28-CHORD OF 345 ARC 2055 | .97 i
OF 7.22RADIUS (FUSELAGE - 2030] 96 | I1.13 ] O
CONTOUR AT STA.21.80) Y = 144X Z=0.21X

ALL ORDINATES AND STATIONS ARE IN [INCHES

MODEL OF THE FIGHTER AIRPLANE. ey

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

ORDINATES FOR THE FINAL CONFIGURATION

I/5-SCALE
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NACA RM No. A7106

2.4+ SQNEIRENTEID
, SEA LEVEL
2.4 FLAPS DEFLECTED 55°
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DUCT SYSTEM PRESSURE LOSSES,
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T T T T

N
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

o L | ! 1 | .
0 4a 8 1.2 [.6 '
LIFT COEFFICIENT, Cp

FIGURE 12 -VARIATION OF THE DUCT= SYSTEM
PRESSURE LOSSES WITH LIFT COEFFICIENT
FOR THE |/5-SCALE MODEL OF THE FIGHTER
AIRPLANE. "MATCHED" FLIGHT CONDITIONS AT
SEA LEVEL AND 20,000 FT.
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NACA RM No. A7106 Fig. 13
- 100 | ]
3 60 |-
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o
-140 }
~-180}- ' ‘ COMMITTEE FOR AERONAUTICS

FIGURE I3.-VARIATION OF THE DYNAMIC PRESSURE

. RECOVERY WITH TRUE AIRSPEED ESTIMATED FOR THE
FIGHTER AIRPLANE. "MATCHED" FLIGHT CONDITIONS

. ’ AT = SEA LEVEL AND 20000FT
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Fig. 14 NACA RM No. A7106
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COMMITTEE FOR AERONAUTICS
! ! ' ! | |

FIGURE 14.-VARIATION OF THE DYNAMIC - PRESSURE
RECOVERY WITH ANGLE OF YAW FOR THE 1/5-
SCALE MODEL OF THE FIGHTER AIRPLANE.
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FIGURE |5—PRESSURE DISTRIBUTION OF THE BASIC FUSELAGE CONTOUR
ALONG THE @ OF THE NACA SUBMERGED DUCT ENTRY. |/5-SCALE
MODEL OF THE FIGHTER AIRPLANE. RN=141x10°
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Fig. 16 NACA RM No. A7106
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INLET VELOCITY RATIO, %,

FIGURE 16.-EFFECT OF ANGLE OF ATTACK ON THE VARI-
ATION OF THE LIP ESTIMATED CRITICAL MACH
NUMBER WITH INLET~-VELOCITY RATIO FOR THE 1/5—
SCALE MODEL OF THE FIGHTER AIRPLANE.
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NACA RM No. A7106 Fig. 17
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FIGURE |7.-VARIATION OF THE SUBMERGED-DUCT-ENTRY

ESTIMATED CRITICAL. MACH NUMBER WITH TRUE

AIRSPEED FOR THE FIGHTER AIRPLANE. “MATCHED

FLIGHT COMDITIONS AT SFA LEVEL AND 20,000 FT.
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Abatract Abstract
Abstract Abstract

The results of an experimental investigation of
an NACA submerged inlet system on a L/B-scale model
of a fighter airplane are presentedes Duct system
total pressure losses and pressure distributions over
the lip and ramp were obtainede It is shown that the
inlet location investigated is unsatisfactory.

The results of an experimental investigation™of
an NACA gubmerged inlet system on a 1/5-50&19 model
of a fighter airplane are presented. Duct system
total pressure losses and pressure distributions over
the lip and remp wsre obtaineds It is shown that the
inlet location investigated is unsatisfactorye
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